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Abstract The recent progress in multimedia signal processing and transmission technologies has
contributed to the extensive use of multimedia devices to watch sports games with small LCD panel.
However, the most of video sequences are captured for normal viewing on standard TV or HDTYV,
for cost reasons, merely resized and delivered without additional editing. This may give the
small-display-viewers uncomfortable experiences in understanding what is happening in a scene. For
instance, in a soccer video sequence taken by a long-shot camera techniques, the tiny objects (e.g.,
soccer ball and players) may not be clearly viewed on the small LCD panel. Moreover, it is also
difficult to recognize the contents of the scorebox which contains the elapsed time and scores. This
requires intelligent display technique to provide small-display-viewers with better experience. To this
end, one of the key technologies is to determine region of interest (ROI) and display the magnified ROI
on the screen, where ROI is a part of the scene that viewers pay more attention to than other regions.
Examples include a region surrounding a ball in long-shot and a scorebox located in the corner of each
frame.

In this paper, we propose a scheme for raising viewing experiences of multimedia mobile device
users. Instead of taking generic approaches utilizing visually salient features for extraction of ROI in
a scene, we take domain-specific approach to exploit unique attributes of the soccer video. The proposed
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scheme consists of two modules: ROI determination and scorebox extraction. The experimental results
show that the proposed scheme offers useful tools for intelligent video display on multimedia mobile

devices.
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extraction
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AMgslTh 28 102 28 9a)dl tsle] 9% Abghe] I8 11 (a) &7 371 94 (b) ABle gxdss
x, yol BES 228 9@ DSPD,, DSPD, o) wsg olgdtd g P sl FEE YA
3H 499

=2 Jehd Relg}t 2YTE 3 DSPD,, DSPD,

#el XFE YAFE Bt A7) AAE £33 € F 2212 S o] £3 HH9 AA AR 4A

itk o7|A= ?Jﬁlék 2001 EHS}Q% ‘/‘IL‘S% A ag:o{] &3 A7) ]/K—] grzxorw wWil:s e ] ] Fof]
3 e x, yHEES (29, 2DE AL & + 9 Adutm oz 3 ZHQ ool E22E " dde
o g JeAA 22 AT 9F AT ARE gusin 9ol B4R 2w Fngoh} BEMo)

(29, 21)°] €k TUF WHOT B ST HE =3 & w SPDY DSPD @ute olgste] FeAR
= & AR obdA P} 44 @Y] e F&E A5
A7 99 o B F4 gAso] ¥ A "ok A

DsPD A AR ditdog 228 99 <o @)

00 e 2ol A Ay GAL 2237 M I
00 | . e QS &4 717k B Foadate] A& At A4 AR

g 98 F2d FET F Hd x, 54:}1 vaE 7
:gggg{ #Fx7t Bada, J53Ae) £$:—é? 3 AA AEES

A8l &€ FEHE T H> A2 yaE JiAE #
71 gesitteE AMde o Alu}. oatA 9F T
o Tl uig sg5g F Y =1g wEse A

YA

P =
’ e s 7 s m 13 15 17 19 21 29 28 27 20 A FRE ARG ol 8l A (s 2 7 ]‘
Hatel (EE o) index %J—_’_E]%‘——?._— /\]’%s}_%\q
oY 10 53, §3 Hiskol digt DSPD (i: frame number,  learning _period :200 frames)
temp . =temp,,. , ==l temp,, . =temp,,  =1000;
a9 118 7148 daaEg A4 FgAd Je3 2 Sor(i = 0;i < learning _ period;i++)
B2 BaETn ol QutFoz =23 AY|A] Hdab if (temp,,, . <top _left (i) temp,,. . =top_left (i);
Ao T4 e Ao Wap] e ¥ Tay YDy, <10P 161, ) temppa, , =t0p _lef, (1;
qhe ol&sted AHS HEAx AA ABES AR if (temp,,, . > bottom _right (i)) temp,, , =bottom _right (i);
E ue odg wad 9% Zye Tzt gk e if (temp,,, , > bottom _right (i) temp,, , = bottom _right (i);
£ 53 HAY FA HEE 2L ¥t Aok (14)
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g FUHOE 200 ZHYS AHESATE 200 ZH Y
T3 FRL 1€MPny o} 1MPy o AW k3 HA) =)
oA F23 9F AT HEY 2% T FE H
\wshe S NEIY FHE g =E2IAT g
o] U o o HE FE& 9T HeHHEL 49
B1A) G 1OMPra S} TPy o] AGE HH e A F
E x, yE ol&3ld H4dx ddS taFHo] s

o
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3. AE g

o] Alx®le Win32 #74lA Visual Studio 2003
(C++)E o83t 7utslgen] MPEG E33ts 93|
FFMpeg #tel2 g2 o] &3ttt 2 352x240 i
A 2997fpse] MPEG1 ¥Hlog R353t8 28 2o
&7 G4l N ol Y 20048 B, B o
olggjol 2004 ojelv] &¥H, BHEA o) ZZ ot} :
2006 9=3, 3= o ZAekEFk 2006d F7EH}
A oj83td AFsHth EZE AELS Pentium-4
3.0GHz PCAA AAZtez FR=|Y, B4Fd 2%
& 98 FuEHE g 4, a4 &) Zzh 0.85, 0.05,
0.152 23R TH9] F=2 ). =3 FHFE A9 av)
[31e1M 2 dPd=E Fxste] 3522409 =S 7
dz) Gl disl F3, FEEFed i 1:0.682
HE2 F4F 240x164 A7)9] FLIGE FEIIATH
olg 19 12& 8] 4F TEIaYe] 23 Akolth

3.1 B dool #H

e

(a) non-long shot frame
o 12 4Y 3 EE BAHL AEFHoy Hrzte s siHch o H4 Aol @] #AIY Fol FH9in
G0 taEgo] Ao 2A Gl =Holgloh (a) BIDAR A (b) A Ak

311 2@ A& A%y %t

A 3NN AgEH 2= HE BFE AFEI
s 10719 M2 g2 gL A3t 949 a8
£z Age vident 23 g2, 4 g o
grez 2749 TIPS Adsy 7k ZEHYoZRE
F A9 248 22390 F 24 5 e 8=

=
FHozREY, ydr 2Z4e HIHEE Yo RE
23 2z AVE 160x8008 F ZEZdE
16x1622719] 5079] Ego] EoiUA o A

16x162719] 2eke= B 100071(=50x2x10)<} 1000
Ad vlzee= B2Hg i AYegch 48 dw,
100071€] 8= £8 F 970707} 28 E8os
AEHUY 1000719 vagt=E" F 42707 2
TEE ARt A B3, AR S4E(false-
negative rate)2 0.0300)Z A3 U%d-&(false positive
rate)- 0.042019 4 (158} Zo] veld 4 ith

number of false negatives

false negative rate = —
number of positives

.. number of false positives
false positive rate =

(15)

number of negatives

312 5 EF Al g @7t
49 245 ® 1o Y HAM € 5 =
uhel o] HEF 90%7F dev FHFEE Holi Ytk ®
AE $E9 o dxeEiFe (9% ¥mH itk A
g dnygFolAe B dEPNE o8t £

(b) long shot frame

F 1 ALE A EF 71 U FEg=

r Prior Algorithm [9) Proposed Algorithm
Long shot Non-longshot Total Long shot Non-longshot Total
Japan vs. Italy 93.4% 83.1% 90.7% 95.2% 94.3% 95.0%
Korea vs. Germany 97.8% 76.1% 88.4% 96.8% 73.4% 86.7%
Brazil vs. Croatia 99.6% 83.7% 93.9% 99.6% 83.7% 93.9%
Korea vs. Costa Rica 98.0% 63.7% 83.6% 98.9% 746% 83.7%
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Hd AZ Ad@ O @F2)F 21249 & 4%
7l 7ZIfo 2 16x168&e] RE HAS Aasle ya
# 7hed Hee AR sfdel ABASE RAY
T+ ek

A BFe s B 9 & Em b AA
& BA A9FE AL vws] BE, old duy
[9]°] 83%6usec ©] A8FH+ ¥E L duas
SBuseco) ALHATE AR dTE)Eo] F 1458 T
e AL o4 = ok

313 #4999 244 B39 ug H7}

239 BAYGL Hrlste ABHQA 718 theiA
= B3] FET AN AR Fodole F
& A <l EAsier dotn 44 5 Qi

rlo oy

o] LPFYL FAFY ol A XE BE ARAE

of #H%EY 7ty YaZFHolE 1 o)y AHEEN
A% 4 Aotk a#AM bl o) Ho] BYYY EH
A9 Byl 283 247 9 4 Uk @A B
Fgol 24" ZHQ) FE Ax I F 2o #HGY
ol EAEe Ty o] e} EAEeE AUk
AXE A=A FAg Fe) AV 362x2409
4ol 7S 240x1640|th. B 200A B & glFol, Fel
HAGY A ol 4338 Bo] EAYS & + Utk F
o] Agd g3 ZHEAAY ZeY Aol ol EAst
A e Fee AU 28 1294 B 5 §1%o),
BAFY FL Aol A Al AU FAE Ad
ASe 9947 ZA A=, A 4Y de 49
ko] grio] "k

¥ 38 F9 AA9 BTG9G I FAE U T
AHog RAFT e g I4E AEIHTh
‘Ball in ROI'& F°] BHFEY Aetel SR H$o)
I ‘Ball out of ROI but in the frame'e Ay L3t

ggol && 24 FF 79k Ball out of frame'
2G4 o) Fol EANA ¥E B4R FAF9HL F
o T 2] 713 Ag-olth o] dojg AL #4
P9 daZie] m=rt AdYHE dAZ] A Zy Y]
ZAgolgt APt

314 PDACIAM S A% H7}

ST AR Zald 717 o] Alx¥e 4FE &
8}7) 98} PDASL2E 8T NeelE Micro-
soft Embedded Visual Studio 4.0% °] &3ttt PDA
of 2#e # 49 UYeAD A% 2L A3 H.264/
AVC ¥di9 20043 olHdl A& o) ool &Yy
A7) 120% Zole) H7 JA4E AT Al W wE
A¥std dels A7 HEE 233N ® 5 ¢
A=k Bl AAGHARS AY%dted dEe A7E JE
Ao, HdAE Ak dEG A8 XY 9 Alde] o
e R FAd, AZNY FRde F1EQ
99 ZAFAHe] Basky] giojok

H 4 HAE o]£3 PDAS] Al

Model No. HP iPAQ hx4700
CPU Intel PXA270 624MHz
RAM 64 MB
screen VGA (640x480), 4.0 inch

el duPEH ALY YuYF A A B4
99 24 2 W7 AY S5 viNg E 6o G
o

a3 13¢ olde) YTAZGI) N Aze dn
U539 $% AY ASE HeiFE adzolt A =
239 #3 A vER}S W o 5% &=
o) Yerd Ag B @ 4 ok

E 2 ¥4199 24 H¥ 97t

Hit-rate (the ball inside ROI)
Prior Algorithm [9] Proposed Algorithm
Japan vs. Italy 70.47% 91.35%
Korea vs. Germany 80.13% 87.59%
Brazil vs. Croatia 64.80% 70.59%
Korea vs. Costa Rica 77.83% 81.32%
% 3 2ol dxst BAAY B9 B
Japan Vs, Korea Vs. Brazil vs. Korea vs.
ltaly Germany Croatia Costa Rica
Ball In ROI 2,113 (83.29%) 2,428 (79.04%) 1,680 (70.44%) 914 (76.29%)
Ball out of ROI but in the frame 200 (7.88%) 344 (11.19%) 700 (29.35%) 210 (17.53%)
Ball out of frame 224 (8.83%) 300 (9.77%) 5 (0.2196) 74 (6.18%)

Total number of Long shot
{rames in the sequence

2,537 (100%)

3,072 (100%) 2,385 (100%) 1.198 (100%)
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E 5 PDAYAM A5¥ tl2ZHelg ANE o Zee Az

# of frames, N Elapsed time(ys), T T/N (gs)
Total 2562
i i 2562
Analysis for Bal etection 11884 840(=TLS) 4639
Long shot 2™ ball detection 498
Shot classification 2562
i Total 1038
Analysis for o 1,202,450(=TNL) 1245
Non-long shot Shot classification 1038
Entire processing time
3600 137,498,267 38194
(including H.264 decoding and display)

B 6 249G B4 2 A 2 AL

Prior Algorithm [9] (fps)

Proposed Algorithm (fps)

Average processing rate for analysis
(=1000,000/((Trs*+Tar)/N))

339 27329

Average playing rate

144 26.355

The Elapsed Time Comparison
100% 100% 100%
3Q '
© 80 [ Previous
g 60 | Agorithm
= B4 @ Proposed
8 40 - Algorithm
Feo| | % |
0 ' !
Long-shot Non-long Total
shot elapsed
time
a9 13 oW LI (9]¢} AtE gueEe] AT
Bl

3.2 HTUR &

gFg e disl A4 Ade a9 159 2o
200 el 7Y FEg B3 F2T AP 399
o] 2uf Hoiso] HAaEYe] HI gk

&9 AFYE FH87) A9 g7 Zo] F9H

i-vnoéénlay
FiledE) Option{Q) Showi(S) (D)
[yl {>¢l2 9lalaje

oo PETTITR -
uggnuen Kydie
- ™
=

124

1022 (28,58°5) 5713504 / 17 Auto Ground Learning End

£ Recall® Precision® AH:3}Th
228 35974 99 3 44 A0S E R 5

A AFAA EEE 94
o AEE PR 49 F AA ARl S ERY 5
; T FEEATAA GG S RERL S

AE o] BAQlol 29 HEAR goo] HA A
72 99 Brh IthE Recall 3ol AAIZ F&£28
AE3A 9ol HA HeA 998} Johd Preci-
sion @°] A7) #W&°] Recall®} Precisiong F+1°l
Aol gt 47l ST A7) Ui E o] 83t Recall
¥} Precision® T3l¥ow, 1 Ade ¥ 167 R 7,
8o} zHAE) VERAICHA 1 0 BEtd of ZZolEoL
g3 2 GE o) olgel, I 3 WIS o 5,
B4 4 IgUE o 227,

a9 16914 A48 e E 7HAE Fsdatel v o
A 13} 49 2ol HFAARIT AGE Fesl ofd H$-
Recall® Precisiongto] B@E& & & 4 Atk

o] T2y =A] PDASSE st 314004 A

Recall =

x100%,

x100%

29 14 43 2% 7 A7) 9HEE ZH9sh. €% Zhd 73 U Hepol BUD A H4R

FHe FEPch AR gotrr] fA 29 Friiste taEd o] 2
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(a) (b) (c)
2% 15 (a) AR Fele) A5k (), (©) A8 FE7t obd ARk Aedrl 58 98 F Y #HEE
o183 WEe) 228 Felo] tha Ry,

aeGO S

29 16 44 a¢ 1A () %%oﬂxifa oE oz 2zt A% 1, DY 2, 94 3, B4 4), AXE B

E 7 7zt 9494 sidsis A 5 E 9 PDACIM Y HF HE7L
AA Ae3A|  FEL F&9 99 F 24 R vs. 5| olgdalo} vs. UE
ke A B[ FFAA &k 99 Az & Qe A
39 1 1501 1509 1963 A7 A % 31.045 frame/sec | 30.166 frame/sec
832 1783 1610 1610 AR FE Al -
a3 poves 932 P BE AN 5 29251 frame/sec | 28.667 frame/sec
G4 4 1678 866 866 A|ZE F7HE(%) 578 497
¥ 8 Recall®} Precision® £43% A7 AE4A F97 3279 duEs I AR FF
Recall Precision o AA HEE o)Ly FE2F 399 ¥y o)y}
%1 84.14 83.69 AR JAZ B} =28 A =z "R 9
G4 2 90.04 100 L Aoz wstn AR P&z 9oL r)aZy
B L0 10 o) @0k 28 17 AE Y+AAE Susa o
% 4 51.61 100

2EFolsln Qi 28 17(c)A= 3134_4 484

£ PDAS ol88e Asg E9F g} 7 HEAAE Gojstel dxSdolaa ok

A3 H264/AVC ZHOoE zAPA 7

;é
T
o
-
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i \
I

471 HYeE o] &S rHU TS 1‘44 E9Q 20049

AN 27 A7) ojgwe} q} %_11 : 20049 b & FH= S HHee 9Ay XS AEstn BHY
Uy 27 7&7]) Aorale ¢naEe Aed 94 = 9% AN AW Adse AT HagHe] Az
el Tl [91o1AM ARS-% ﬁ-g— ol g5t AE Z=Fa  HE AGSAch ALg dnEFol AR FFHIE
ZAHE R 99 AHsHCh A& Eo7l Asl fele 98 Ae =vikt F7 A7

Ayt Qe TAYAAE GEAAE gagd  UHe 298 olgdel H2E gD o7 FelN B
o 7 SsA B ZeQ) 4 EAD FEANE A A ARY ALT A2Ee G PC elH AAze
A9 & =RIME FEAR 8 B0 AAY 2 FANYOH PDAGA HF 258 fpsd) $EE B
2A9 A ZAYY I494 392 A4RS A3W 9o
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7] 98 & 02 =gogx JFARE 5o &
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H264/AVC 29 d4rMe tzd A 924 3
BEE AFFEE o] JRE o83t HAg o] =
B & g4 meddA F2ehe Aol oidg FF =
HAdN Hodhe WHE BE ALtz ZEHY A
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ARYshe Al2"e [20-23]9149F 2ol H.264/SVC
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